the ideal levels of irrigation and fertilization. The 100% of crop evapotranspiration (ETc) is a relative saturated water supply for plant growth. So, many studies set 100% ETc as a maximal irrigation amount (Sinha et al. 2017) . However, for Curcurbitaceae, especially cucumber, which needs a lot of water in its growth, it is unclear whether the yield and nitrogen use efficiency increases with improving ETc.
Cucumber is commercially important worldwide, and the demand for it continues to increase annually. Farmers who grow cucumbers often irrigate and fertilize them excessively (Du et al. 2017) . Understanding the interactive effects of water and nutrient availability, and the cucumber's ability to efficiently use these resources, are crucial for improving the plants' water use efficiency (WUE) and nitrogen use efficiency (NUE). However, most of the studies relevant to water and fertilization use efficiency in cucumber have been done for cucumbers grown in soil conditions (Cao et al. 2016 , Wang et al. 2017 ), which does not necessarily pertain to cucumbers grown in substrate-bag culture. The objective of this study, therefore, was to investigate the interactive effect of irrigation and fertilization strategy on cucumber yield, nitrogen uptake and use efficiency, and WUE in a substrate-bag culture system.
MATERIAL AND METHODS
Experimental site. The experiments were conducted in controlled environment greenhouse at the research farm of College of Horticulture, Northwest A&F University, located at Yangling, Shaanxi province, China during the spring seasons (March to June) of 2017. The date of planting is March 27, and ending of the experiment is July 3. The experimental greenhouse is at the latitude of 34°17'N and longitude of 108°04'E. The daily average temperature and relative humidity of air were 15.3-32.0°C and 29.9-95.0% during the cultivation.
Plant material and growth conditions. Seeds of Cucumis sativus L. cv Bonai 14-3 were germinated at 28°C in Petri plates lined with two layers of moistened filter paper, planted in 50-well plates filled with a mixture of waste organic matrix and vermiculite (1:8, v/v) , and grown in a controlled environment greenhouse until the third true leaf was fully expanded. The seedlings were then transplanted into substrate bags, the line spacing is 0.75 m, the small line spacing is 0.50 m, and the plant spacing is 0.35 m, described below. (Bremner and Mulnavey 1982.) .
Element accumulation amount (EAA) in different fruit development stage, element use efficiency (EUE) and WUE were calculated using the following equations (Mon et al. 2016 Statistical analysis. Data were analyzed by SPSS statistical software package (IBM Corporation, Armonk, USA). Two-way analysis of variance (ANOVA) was performed with the general linear model procedure to calculate the effects of irrigation water level and fertilizer levels on the investigated parameters. When the F-value was significant, a multiple means comparison was carried out using the least significant difference (LSD). The difference between treatments was deemed significant if the observed significance P value was less than 0.05.
RESULTS AND DISCUSSION
Effects of yield. Irrigation, fertilization rate, and their interaction significantly affected yield (Table 1) . Plants receiving 125% ETc had yields of 2.61 kg/ plant, an increase of 10.13% over plants receiving 150% ETc (with yields of 2.37 kg/plant). The high yield obtained at 100% F may indicate that this is the suitable fertilization rate for maximum yield, closely matching cucumber's requirements. The treatment combination of 125% ETc plus 100% F resulted in the greatest yield, relatively.
Water and nutrient availability are crucial for crop production (Chen et al. 2018) . In general, the yield in this study increased with increasing irrigation and fertilization up to a point, after which yield decreased. Specifically, irrigation at 125% ETc with fertilization at 100% F maximized yield, which is consistent with previous studies (Li et al. 2017b) . In this experiment, a moderate amount of water (37.71-52.59 L/plant: 94-119% ETc) and fertilizer (13.54-23.78 g/plant: 60-87% F) supply has a major impact on the crop yields.
Nitrogen accumulation. Considering irrigation only, leaves of plants grown in 100% ETc had more nitrogen than the other irrigation levels in both the early and telophase stages of fruit development. Total nitrogen accumulation in the leaves was not significantly different in 100% and 125% ETc (P > 0.05), but nitrogen accumulation in these two irrigation levels were significantly greater than it was in 150% ETc during the full bearing stage (Table 2 ).
In the early fruiting stage, total nitrogen accumulation in the leaf increased by 72.6% and 27.2% in the 125% F plus 100% ETc treatment combination and in the 100% F plus 100% ETc treatment combination, respectively, compared with the 60% F plus 100% ETc treatment combination. Total nitrogen accumulation in stems during the full bearing and telophase stage of fruiting was similar in 100% ETc and 125% ETc, but significantly greater than in 75% ETc. However, in the early fruit stage, total nitrogen accumulation in the stems was significantly greater in 100% ETc than in either 75% or 150% ETc. Stem nitrogen was greatest in 125% F, and if ranked by nitrogen concentration, it was followed by 100% F and 60% F.
Total nitrogen in the fruit was greatest at 100% F during the early and full bearing stages of fruit development. In contrast, during telophase, total nitrogen in fruit increased with increased fertilization from 60% to 125% F and was greatest at 125% F. The ETc -crop evapo-transpiration; F -fertilization (one dose of Yamazaki nutrient solution formula); DW -dry weight maximum nitrogen (1066.01 mg/plant DW) was in the 125% ETc and 100% F treatment combination in the full bearing stage. The total nitrogen in the root was not significantly affected by irrigation and fertilization treatments (P > 0.05). We also examined nitrogen in the whole plant (Table 2) . Maximum values occurred in the 125% F treatments during the early and full bearing stages of fruit development. Differences between the irrigation and fertilizer combinations were highly significant (P < 0.05) during all growth stages. Wholeplant nitrogen concentration was greatest in the treatment combination 125% ETc plus 125% F.
These results suggested that the accumulation of nitrogen was mostly in leaf and fruit throughout the fruiting period. The accumulation of nitrogen in leaf as a function of time was a downward parabola, with the downward trend associated with late fruiting. In contrast, the accumulation of nitrogen in stems continued to rise over this period. It may be that in the late, telophase period of fruit development, the plant was still capable of continued growth, but the transfer of nitrogen from old leaves to new leaves and fruit was completed.
WUE and NUE. WUE is an important water use indicators in the study of sustainable irrigated agriculture (Ucar et al. 2017) . WUE was significantly affected by irrigation and fertilization (P < 0.05), but the 'irrigation level × fertilization level' interaction was not significant (Figure 1 ). Increasing irrigation level reduced WUE. Considering just fertilization levels, we observed that the WUE increased slightly in plants grown in 100% F compared to 60% F, but then decreased at 125% F. The 75% ETc plus 100% F treatment combination had the highest WUE (74.92 kg/m 3 ). When the fertilization levels were constant, the WUE was dramatically affected by the irrigation amount (Figure 1) . Thus, improved WUE may be achieved by reducing the water supply. However, excessive reduction of irrigation reduced the crop yields (Li et al. 2017a) .
Irrigation, fertilization, and the 'irrigation level × fertilization level' interaction affected NUE, (P < 0.05; Figure 2 ). NUE first increased and then decreased with increasing irrigation level, and considering just 
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Plant, Soil and Environment, 65, 2019 (6): 328-335 Original Paper one fertilization level. The greatest NUE peaked at 100% ETc plus 60% F treatment combination. The NUE was influenced greatly by the level of nitrogen supply. Others have observed that the maximum NUE occurs in the lower range of nitrogen supply (Zotarelli et al. 2009 ). In this experiment, also, the highest NUE was observed at the lowest level of fertilization. We noted that, at the lowest fertilization rate (60% F), the greatest NUE was associated with the moderate irrigation rates (100% ETc was associated with the highest NUE). Relevant here also is the finding of Zotarelli et al. (2008) . Coupling effect of water-fertilization in cucumber. Taking the input amount of water and fertilizer as the independent variable and defining the yield, WUE, and NUE as the dependent variables, then, regression analysis was conducted (Table 3) . Results showed that the effects of irrigation amount and fertilizer amount on each dependent variable were significant (P < 0.05), and the coefficient of determination in regression analysis was above 0.85.
Spatial analysis method and Origin software were used to form the plane projection chart of each equation (Figure 3) . The spatial analysis method was used to evaluate the optimal value of yield, WUE, and NUE, respectively at 0.85, 0.7, 0.9, and to comprehensively evaluate them, forming the results of Figure 4 . In this study, the appropriate fertilization and irrigation range for per cucumber production was about 13.54-23.78 g and 37.71-52.59 L.
Water and nutrient may interact with each other to produce a coupling effect (Pan et al. 2017 , Ierna et al. 2018 ). This study used multiple regression and spatial analysis method to a comprehensive evaluation of the effect of irrigation and fertilization rate on yield, WUE, and NUE. When 0.85, 0.70 and 0.90 of optimal value were selected for yield, WUE, and NUE, respectively, the yield per cucumber plant could reach 6.81 kg/plant, WUE reached over 50.99 kg/m 3 , N utilization rate reached 67.56%. So, when irrigation and fertilizer amount were within the appropriate range, cucumber plants' absorption and utilization of N and water could be promoted, and the yield increased. It is of great significance to reduce fertilizer and save water in cucumber production.
In conclusion, there was a significant 'irrigation level × fertilization level' interaction in cucumber yield and nitrogen accumulation. Comprehensive consideration of water and fertilizer amount, and high yield, the amount of 13.54-23.78 g/plant and 37.71-52.59 L/plant were the best strategies of fertigation (Yamazaki nutrient solution) and irrigation for the production of drip-irrigated cultivated cucumber grown in substrate bags in spring. 
